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Abstract
e injection of water sprays into the compressor inlet of gas turbines is used to augment power
output and perform fast load changes. During wet compression, many drops enter the compressor
and since droplets above a speciﬁc size cannot follow the ﬂow of air, they are likely to collide with
compressor blades and disintegrate. To apprehend the occurring splashing phenomena, impacts of
single droplets on substrates with diﬀerent surface roughness are studied under gas pressures from
100 to 500 kPa. For these disintegrations, the quantity of secondary droplets as well as their size and
velocity distributions are measured using backlit high-speed video recordings. Analysis shows that
the secondary droplet diameter distribution is dependent on surface roughness as well as pressure.
Surface roughness increases the quantity of large secondary droplets, while the number of droplets
with small diameters is unaltered. Increasing pressure increases the quantity of secondary droplets
of all sizes. Both variations lead to signiﬁcant increase in overall ejected volume of the primary
drop. e evaluation of the inﬂuence of surface roughness and pressure on the secondary droplet
velocity showed that there is a minor dependency on variations in both parameters.
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INTRODUCTION
With increasing shares of electric power converted from re-
newable energy sources, their ﬂuctuating supply impacts
net frequency and poses a possible threat to overall grid sta-
bility. A possibility for compensating unsteady supply of
electric energy is to put emphasis on the ability of conven-
tional power plants to perform fast load changes and increase
overall ﬂexibility in power output. For gas turbines, this can
be achieved by injecting droplets as a spray inside the intake
duct (Gu¨nther and Joos [1]). e vaporisation of the injected
water decreases the turbine inlet temperature and increases
mass ﬂow. Wet compression considers droplets entering the
gas turbine compressor and reducing temperature rise during
the compression process and thereby reducing compression
work (Eisfeld and Joos [2]).
Since droplets above a speciﬁc size cannot follow the
ﬂow of air, they are likely to collide with compressor blades
and disintegrate. is splashing leads to deposition of water
on the blades and formation of secondary droplets, whose
characteristics inﬂuence the subsequent vaporisation. To ap-
prehend these splashing phenomena in compressors as well
as in general and to predict the outcome of these disintegra-
tion, e.g. the distribution of the secondary droplets’ diameter,
impacts of single droplets were studied.
e splashing of droplets has been subject of research
for a long time and many of the governing parameters have
been studied elaborately. An overview of these ﬁnding can
be found in reviews such as Rein [3], Yarin [4] or Ashgriz
[5]. However, most of the studies have been carried out
under atmospheric pressure and neglect the inﬂuence of the
surrounding gas.
In addition to the inﬂuence of ﬂuid and surface properties,
Xu et al. [6] discovered that the pressure of the surrounding
gas is also of importance to the outcome of a droplet impact,
in that it can completely suppress splashing if pressure is
lowered enough. Furthermore, it was discovered that the
threshold pressure, under which no splashing happens, is
dependent on the impact velocity and that there are two
regimes with diﬀerent behaviours, separated by a critical
velocity. A ratio which compares destabilizing and stabilizing
stresses was introduced and found to be nearly constant for
diﬀerent ﬂuids and gases in the region above the critical
velocity.
Xu et al. [7] later studied the inﬂuence of surface rough-
ness on the outcome of drop splashing under varying pres-
sure and corroborates that there are two mechanisms cor-
responding to corona and prompt splashing. Air causes the
corona splash on smooth surfaces while surface roughness is
responsible for prompt splashing. It was also discovered that
the size distributions of both prompt and corona splashing fol-
low power law behaviourwith a characteristic length scale, al-
though the control parameters governing these length scales
are diﬀerent, namely surface roughness for prompt splashing
and gas pressure for corona splashing.
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Figure 1. Experimental Setup: 1 High speed camera,
2 Long distance microscope, 3 Surface for droplet impact,
4 cannulas for droplet positioning, 5 Pump, 6 Backlight,
7 Fan, 8 Flow conditioners
Latka et al. [8] conducted experiments to study the inﬂu-
ence of surface roughness and viscosity at atmospheric pres-
sure and below. While they generally support the ﬁndings
of [6] and [7] they emphasize the distinction among prompt
and thin sheet splashing. Depending on surface roughness
and ﬂuid viscosity, four regimes are identiﬁed where either
one of the two splashes, both or none of them occur. For
certain viscosities, surface roughness has shown to suppress
thin sheet splashing. It was further found that increasing
surface roughness can increase the thin sheet ejection time,
similar to increasing viscosity (Driscoll et al. [9]).
Mishra et al. [10] studied spreading and splashing be-
haviour of droplets below the critical velocity deﬁned by [6]
and at pressures up to 1200 kPa. ey found out that increas-
ing the gas pressure can induce drop splashing, and that the
splash ratio follows power law behaviour in the low velocity
regime. ey also noted that while gas pressure inﬂuenced
the likelihood of a drop to splash, the impact velocity and
hence its kinetic energy is a more important factor.
To investigate the droplet surface interaction at pres-
sures above ambient pressure, a test rig (Figure 1) was devel-
oped at the Laboratory of Turbomachinery which allows to
study droplet impacts inside a compressor at pressures up to
500 kPa, while maintaining a constant Weber-Number.
1. EXPERIMENTAL SETUP
e test rig (Figure 1) consists of multiple connected cylinders
which can sustain pressures up to 500 kPa. In the main cylin-
der is a table on which the impacted substrates are placed 3 .
It is mounted in a way that allows it to be rotated around the
cameras line of sight, while keeping the location of impact
in the centre of the image. is way, diﬀerent impact angles
can be examined without changing camera seings.
e surface roughness is varied by using substrates with
sandpaper of diﬀerent mean particle diameters glued onto
Table 1. Grit size, mean particle diameter and equivalent
arithmetic mean roughness of the used sand papers
Grit size ks [µm] Ra,eq [µm]
120 125 20.16
60 269 43.39
36 538 86.77
24 764 123.23
them (Table 1). e surface roughness of the sandpapers is
characterised by the sand grain roughness ks , which is given
by the mean diameter of the grains determined by FEPA grit
size standard. e equivalent surface roughness
Ra,eq = ks/6.2 (1)
was calculated according to Koch and Smith [11].
e sand paper roughness was selected to represent the
impact of 50 to 100 µm droplets impinging on compressor
blades with surface roughness ranging between Ra = 0.8 µm
for a new blade and Ra = 1.6 µm for blades fouled with
particles up to 10 µm in diameter (see Kurz et al. [12]). To
compare these dimension with the ones the test rig, the non-
dimensional surface roughness
δ = d/Ra (2)
is established. It represents the relationship between the size
of the impinging droplets and the surface roughness. e
higher δ, the smoother the surface is in relation to the size
of the drop.
Figure 2 shows the non-dimensional surface roughness
for drops of various sizes for a range of arithmetic mean
surface roughness. Depicted are two drop sizes in the range
of diameters that would normally impact on a compressor
blade and one as it was used in the experiment. e doed
lines represent the life cycle of a compressor blade, namely
the surface roughness of a new and of a fouled blade. e
dashed lines illustrate the surfaces used in the experiments.
To compare impacts of diﬀerent drop sizes, the non-
dimensional surface roughness has to be kept constant. For
example: Point A represents the impact of a 50 µm drop on
a fouled blade with Ra = 0.8 µm, which results in a non-
dimensional surface roughness of δ = 31. To simulate this
with a 4500 µm drop and the same non-dimensional sur-
face roughness, the 24 grit sand paper surface with Ra =
123.23 µm (δ = 36) can be used (Point B).
A Knauer 40P HPLC Pump 5 is used to pump ﬂuid to
one of ﬁve cannulas with diameters from one to threemm 4 ,
where drops of various diameters form and drip oﬀ. It is able
to deliver a pulse free, high pressure, low volumetric ﬂow rate
that produces drops of consistent diameter. e volumetric
ﬂow can be adjusted to change the drop frequency.
A Phantom v2512 high speed camera 1 , triggered by a
photo sensor, in combination with aestar QM1 far ﬁeld
microscope 2 is used to record the backlit 6 impacts using
the shadowgraphy method. Image rates start at 25, 697Hz
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Figure 2. Arithmetic mean roughness versus
non-dimensional surface roughness for drops of diﬀerent
size magnitudes.
with a resolution of 1280 × 800 pixels that can be increased
by lowering the resolution. e far ﬁeld microscope has a
working distance of 560 to 1520mm and allows the camera
to be placed outside of the pressurised cylinders. e image
section has a size of about 2, 5 × 1, 6mm. While increasing
the distance from far ﬁeld microscope to the drop impact also
increases the depth of ﬁeld, it is mounted at a distance of
600mm to increase spatial resolution and improve detection
of small secondary droplets.
e camera is triggeredwhen the drops pass a light sensor.
is trigger signal is also used to control an electromagnetic
valve to dry the surface with pressurised air. Two delays can
be controlled via potentiometers which adjust the delay from
trigger signal to the opening of the valve and the time the
valves stays open. e delay between the trigger signal and
the opening of the valve is approximately 100ms, which is
enough time for the droplet to splash without disturbance.
Aer that, the valve is opened for about 500ms. is removes
the majority of any deposited remains of the drop but does
not perfectly dry the surface. What remains is a very thin
layer, especially in relation to surface roughness. e sub-
strates are slightly elevated, so that scaered drops don’t
appear in the recordings.
Above the cannulas, a fan 7 is installed to generate a
ﬂow which additionally accelerates the falling drops. It can
be controlled via the fans input voltage and is carefully ad-
justed to keep the Weber-Number at impact constant for
all set pressures. To counter the vortices produced by the
fan, a combination of one ﬂow straightener and two ﬂow
conditioners 8 were mounted.
2. METHODS
2.1 Execution
e drop impacts were analysed using high speed shadowgra-
phy recordings taken with a Phantom v2512 camera at frame
rate of 25, 697Hzwith a resolution of 1280× 800 pixels. ese
recordings were then processed by LaVision’s soware DaVis
which detects the droplets and yields a variety of their proper-
ties, including the quantity, diameter, velocity and shape. e
velocity is determined through comparison of consecutive
images and correlation of the detected droplets.
It is important to emphasise that the ejected secondary
droplets can not be evaluated in their entirety. Because of the
optics’s low depth of ﬁeld there is only a conﬁned window in
which the droplets are completely in focus. ereby they can
only be detected and evaluated in this section perpendicular
to the camera’s line of sight. It is therefore not possible to
draw absolute conclusions, like the overall number of ejected
drops, but changes between the diﬀerent experimental con-
ditions.
e primary drops were produced by pumping deminer-
alised water to a cannula with 3mm diameter at a ﬂow rate
of 0, 5ml/min, where ﬂuid tears oﬀ and forms drops of con-
sistent diameter. e droplets fall about 0.65m and impact
on the substrate. Aer each droplet impact, the surface was
dried with a short air blast. e timing ensures undisturbed
splashing of the droplets, with suﬃcient time before and
aer impact. Impacts on all surfaces have been studied at
pressures between 100 and 500 kPa.
To compensate the greater form drag due to increased
gas density at higher pressures, a ﬂow was generated to
additionally accelerate the falling drops. e fan speed, and
thereby the velocity of the air ﬂow, can be adjusted by varying
the fan voltage. For every set pressure, the input voltage of
the fan was altered and the drop velocity measured until the
necessary seing for constant impact Weber-Number were
identiﬁed.
2.2 Scaling and correction of diameter
e scaling was conducted using a calibration target with
circles of deﬁned diameters between 20 and 2000 µm. It was
also used to tune the parameters for particle detection. ey
have been adjusted so that droplets with a minimal diameter
of 40 µm diameter were recognised.
However, when using such sensitive seings the recogni-
tion of the droplets diameter is distorted, because the extents
of the droplets are not sharp and well-deﬁned but rather
a transition area of increasing intensity. e perimeter of
the drops then increases with more sensitive seings for the
intensity threshold, because brighter pixels at the edge of
the drops are considered to be part of it. To compensate
this eﬀect, a correlation between measured and actual diam-
eters was constructed and used to correct the measured drop
diameters.
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Figure 3. Images of droplet ejection at 3.89ms aer impact with We= 770 ± 20. Top row: 100 kPa with sand paper surfaces
of varying δ and reference for impacts smooth surfaces. Boom row: 120 grit sand paper surface with δ = 222 to δ = 231 at
varying pressure.
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Figure 4. Representation of centricity as the ratio of the
length of the shortest and the longest axis within a drop.
2.3 Evaluation
e results of Davis’ analysis are accumulated and processed
in Matlab.
To obtain signiﬁcant data, at least thirty individual im-
pacts for every examined combination of pressure and sur-
face were analysed. Droplet characteristics are calculated for
every single image and then accumulated. is means that
droplets are accounted for multiple times and therefore abso-
lute quantities are incorrect, especially since only droplets
in a small window of the depth of focus can be detected.
However, relative changes between diﬀerent experimental
conditions are represented correctly, since the detection cri-
teria remain the same.
Diameter, velocity and shape of the primary drops were
ﬁrst calculated as the arithmetic mean value of every single
image taken before impact, for every individual drop. Filters
regarding primary droplet characteristics are then applied
to these mean values. For the selected data, which each
represents one drop, another mean value representing the
entirety of drops at these conditions is computed.
Since the drop’s shape has a strong inﬂuence on the out-
come of the splash, the evaluation was restricted to nearly
spherical drops with a minimal centricity, which is the ratio
of the length of the shortest and the longest axis within a
drop, of 80%. Figure 4 shows a representation of how much
a drop is deformed at that level of centricity.
Secondary droplets were only considered if theywere also
recognised in the following frame and therefore a velocity
could be computed, which was set to be at least 0.5m/s. is
does lower the amount of droplets considerably, but it mainly
ﬁlters noise. e secondary droplets of impacts speciﬁed by
the selected primary drops were then accumulated.
3. RESULTS AND DISCUSSION
e diameter of primary drops ranges from 4.4mm at atmo-
spheric pressure to 4.6mm at 500 kPa. With pressure also
the diﬀerences in velocity among individual drops and their
mean deviation from a spherical form increase. With the min-
imal centricity for each drop set to 80%, the minimal mean
centricity across all drops is 86%. e mean Weber-Number
at impact
We =
ρF u
2
d
σF
(3)
across droplets for all pressures varies between 750 and 790.
Here, ρF and σF are density and surface tension of the ﬂuid,
u is the velocity at impact and d is the droplet diameter.
3.1 alitative analysis
Figure 3 shows pictures of impacting droplets at 3.89ms aer
impact. e ﬁrst row shows drops impacting on diﬀerent
surfaces at 100 kPa pressure. Drops depicted in the second
row impact the 120 grit sand paper surface with δ = 222 at
100 kPa to δ = 231 at 500 kPa.
In comparison with impacts on smooth surfaces, the
splashing of impacts on rough surfaces (top row) is much
more violent and less symmetrical. Instead of ejecting only
small secondary droplets from the spreading lamella at the
ﬁrst few moments aer impact, the rough surface causes the
drop to also form bigger secondary droplets and ligaments
which propagate radially and disintegrate subsequently. In-
creasing surface roughness ampliﬁes this behaviour and fur-
thermore increases the ejection angle, measured from the
surface. As shown in the second row, elevating the pressure
has no obvious inﬂuence on the splash. Evaluation of the
recordings will show that it mainly increases the number of
ejected droplets.
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Figure 5. Unscaled secondary droplet diameter probability
distribution for impacts at atmospheric pressure on varying
surfaces. We = 770 ± 20
3.2 Secondary droplet diameter
At ﬁrst the inﬂuence of surface roughness on the secondary
droplet characteristics at atmospheric pressure is analysed.
To do that, modiﬁed histograms were generated. e sec-
ondary droplet diameters were grouped into bins of 5 µm
and the number of droplets with diameters in that interval
were noted. ese quantities were then normalised with the
overall number of droplets across all diameters, so they form
a probability density function whose sum of all quantities
yields one. is histogram shows the relative frequency of
secondary droplet diameter, but it does not reveal any infor-
mation about the number of droplets or the transformation
to diﬀerent experimental conditions like increased pressure.
Figure 5 shows the secondary droplet diameter proba-
bility distribution for impacts at atmospheric pressure on
varying surfaces. e shape of this distribution depicts an
inverse proportionality between secondary droplet diameter
and its probability. e greater the diameter of a droplet, the
less likely it is to form.
Increasing the surface roughness does not change the
overall shape of the probability distribution, but it shis its
probabilities. With increased sand grain roughness, the prob-
ability of droplets with diameters below 100 µm decreases,
whereas droplets above that size are more likely to occur.
Figure 5 depicts the shape of the probability distribution
and the shi of its shape with varying surfaces, but it does
not contain information regarding droplet quantities. ere-
fore each probability function was scaled with the ratio of
their number of average secondary droplets to the number of
average secondary droplets of the distribution of the exper-
imental condition with either the smoothest surface or the
lowest pressure depending on the variable whose inﬂuence
is considered. is function then serves as a base to evaluate
the relative changes in secondary droplet diameter distribu-
tion depending on surface roughness or pressure. at way,
diﬀerences between the shape of the distribution and the
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Figure 6. Scaled secondary droplet diameter probability
distribution for impacts at atmospheric pressure on varying
surfaces. We = 770 ± 20
quantity of droplets become apparent.
In addition to the diameter distribution, the cumulative
drop volume distribution was added. It was computed from
the diameter distribution, assuming a spheric shape of sec-
ondary droplets. It therefore represents only the fraction of
detected secondary droplets and not the entire discharged
secondary droplet volume. e graphs depict the normal-
ized (to the respective overall volume of detected droplets)
cumulative sum of the volumetric distributions. ey were
scaled the same way as the aforementioned size distributions.
erefore the base function ranges between 0 and 100% of
the overall ejected volume for that condition, while the others
are scaled with the ratio of their average droplet quantities,
which is the same as the cumulative sum.
Figure 6 shows these distributions for impacts at varying
surfaces at atmospheric pressure. e distribution for impacts
with δ = 222 serves as the base function. By scaling the other
probability functions with this base, the inﬂuence of surface
roughness on the size and volumetric distribution becomes
apparent.
Increasing surface roughness changes the distribution
of secondary droplet diameter in comparison with Figure 5.
Here, the number of ejected droplets increases slightly for
small diameters. Simultaneously, it increases signiﬁcantly
for droplets with bigger diameters. e diﬀerences between
individual surfaces decrease up to a point where the size
distribution of droplets generated at δ = 51 and δ = 36 only
vary slightly.
Although much more small droplets are ejected during
the splashing, most of the discharged volume comes from
the larger drops, as the volumetric distribution clearly shows.
e rougher surfaces lead to an increase of their number,
which therefore increases the overall discharged volume.
Contrary to this general trend, the most droplets and the
largest amount of droplet volume, despite producing less
droplets in the region of the biggest diameters are ejected at
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Figure 7. Scaled secondary droplet diameter probability
distribution for impacts on the 120 grit surface with δ = 222
at 100 kPa to δ = 231 at 500 kPa and We= 770 ± 20.
δ = 51. It results in a discharge of about 1.48 times the base
volume against δ = 36, which ejects 1.4 times that amount.
In this case, because the distributions are quite similar, it
is because of the greater quantity of droplets with diame-
ters up to about 1000 µm. e overall increasing amount of
ejected drop volume means, that a much smaller fraction of
the primary drop volume is deposited on the surface.
Figure 7 shows the secondary droplet diameter distribu-
tion for impacts on the 120 grit surface at pressures from
100 to 500 kPa, as well as the volumetric distribution. e
shape of the individual distributions are similar to the ones
from Figure 6. eir relationship among one another how-
ever is not. Increasing surface roughness practically eﬀected
only the number of drops with bigger diameters, whereas
increasing the pressure signiﬁcantly increases the quantity
of droplets for the whole range of diameters. In addition to
this, the relative increase is also greater as it is with varying
surfaces.
is especially becomes apparent considering the ejected
volume. Although the increased number of small droplets has
less inﬂuence on the amount of ejected volume, at 500 kPa
the greater overall quantities of droplets, especially the ones
with diameters above 100 µm, lead to 20.5 times the ejected
volume with respect to impacts at 100 kPa.
It is worth mentioning that this only applies to δ = 222.
For δ = 36 to δ = 102, the increments from 200 to 400 kPa are
similar to the ones with δ = 222, but merely reach a factor of
about 10 when pressure is increased to 500 kPa. A possible
explanation for this is, that pressure has a disproportionately
high inﬂuence on the number of droplets with diameters
below 100 µm, which have a greater probability to appear at
δ = 222 (see Figure 5).
A diminishing eﬀect of pressure, as seen with increas-
ing surface roughness, was not observed. So increasing the
pressure beyond 500 kPa could potentially still intensify this
behaviour.
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Figure 8. Secondary droplet diameter versus velocity. Data
points with the Top 100 values of velocity within their
respective bin are marked with a red plus. ese data points
are approximated by a third degree polynomial. Impacts at
δ = 222, 100 kPa and We= 770 ± 20
3.3 Secondary droplet velocity
e intrinsic problemwith determining the secondary droplets
velocity is that accurate measurements are only possible for
droplets that move perpendicular to the cameras line of sight
and within the depth of focus. Most of the measured ve-
locities stem from drops that travel away from or towards
the camera and therefore have a velocity component that
cannot be captured. eir velocity consequently is measured
incorrectly low and therefore irrelevant.
From this however also follows that the correctly mea-
sured velocities have the highest values, because none of
their velocity components are missing. Due to the radial
symmetry of the splash, these velocities apply to all other
droplets of the same diameter.
To obtain the relationship between secondary droplet
diameters and their velocities theywere ﬁrstly ploed against
each other (see Figure 8). eir data points form a cloud
which has a very high density at it’s centre and quickly thins
out at it’s edge. A function to represent themaximumvelocity
per diameter enfolds this cloud and ideally proceeds in the
aforementioned area of decreasing density.
To restrict the inﬂuence of outliers and to obtain a smooth
progression, the data points were grouped into bins of 5 µm
regarding their diameter. Within these bins, the droplets
with the upper 100 values of velocity were selected. All these
drops were marked and their entirety across all bins approxi-
mated by a third degree polynomial to obtain a function for
secondary droplet velocity in dependency of diameter. is
function was then added to Figure 8.
e distribution of velocity versus diameter shows a
nearly monotonously decreasing inverse proportionality be-
tween secondary droplet diameter and velocity. Small droplets
can reach with up to around 30m/s much higher velocities
than either the bigger secondary droplets or the primary
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Figure 9. Comparison of the ﬁing functions for velocity
versus diameter. Impacts with δ = 222 at 100 kPa to δ = 231
at 500 kPa and We= 770 ± 20.
drops. e velocity for secondary droplets with diameters
above 1000 µm however remains approximately constant.
e approximated functions for secondary droplet ve-
locity versus diameter were then compared for impacts on
diﬀerent surfaces and at pressures. Figure 9 shows the com-
parison for impacts on the 120 grit sand paper surface with
δ = 222 at 100 kPa to δ = 231 at 500 kPa.
When the pressure is increased, the graphs show a slight
increase in velocity for secondary droplets below 1200 µm.
Secondary droplets above that size show lile to no varia-
tion. While there is an uncertainty in the approximation, the
consistent increment with increasing pressures point at a
slight dependency of secondary droplet velocity on pressure,
which diminishes around 400 kPa.
Comparing the secondary droplet velocities for varying
surfaces and constant pressure (Figure 10) yields similar re-
sults to varying the pressure. Again, only droplets below
1200 µm are eﬀected. eir velocity increases with increas-
ing surface roughness. In contrast to the variation of pressure,
the diﬀerences in secondary droplet velocity increase with
surface roughness.
4. CONCLUSIONS
Investigations of the inﬂuence of surface roughness and am-
bient pressure on the outcome of the splashes show that
variations of both parameters aﬀect the secondary droplets’
size distribution.
Varying the surface roughness aﬀects mostly droplets
with diameters above 100 µm. Increased roughness leads to
a higher number of droplets, with an increasing eﬀect with
respect to the droplet diameter. e diﬀerences between dis-
tributions for diﬀerent surfaces decrease as surface roughness
increases.
Elevating the ambient pressure has less eﬀect on the sec-
ondary droplet diameter distribution. Instead, the quantity
of droplets increases evenly. Moreover, the increase of sec-
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Figure 10. Comparison of the ﬁing functions for velocity
versus diameter. Impacts on varying surfaces at 100 kPa and
We= 770 ± 20
ondary droplet quantity is greater than the one caused by
variation of the surface. Furthermore, no diminishment of
the increments with rising pressure was observed.
e increments of secondary droplets quantity most no-
tably increases the amount of overall ejected volume. Varying
surface roughness leads to a maximum increase of about 50%
at atmospheric pressure, while the elevation of gas pressure
to 500 kPa increased the amount of discharged volume by fac-
tors between 10 and 20 for impacts on the 120 grit sandpaper
surface at δ = 222.
Since a greater fraction of the primary drop volume is
ejected at higher pressures, less ﬂuid is deposited on the
surface. is could result in thinner ﬁlms on compressor
blades and reduce the quantity and size of drops that tear of
from the blades trailing edge.
e evaluation of the inﬂuence of surface roughness and
pressure on the secondary droplets velocity yielded slight
increments when pressure and surface roughness were in-
creased. is applies mostly to droplets with diameters below
1200 µm, larger secondary droplets are not signiﬁcantly ef-
fected. However, the governing factor for secondary droplet
velocity seems to remain the overall amount of kinetic en-
ergy, which is mostly determined by the primary droplets
impact velocity.
NOMENCLATURE
d Droplet diameter
δ Non-dimensional surface roughness
ks Sand grain roughness
Ra Arithmetic mean roughness
Ra,eq Equivalent mean roughness
Rz Mean roughness depth
ρF Fluid density
σF Fluid surface tension
u Velocity at impact
We Weber-Number at impact
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